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Abstract

Controls, the Apparatus and LabVIEW

A vacuum is considered to be an Ultra High
Vacuum (UHV) if the pressure inside this vacuum
is of 10-9 torr or lower. Pressures on magnitude
require rigorous structure when dealing with the
mechanisms of the vacuum in order to remove all
traces of our atmosphere from within the chamber.
A substrate is then maneuvered into the chamber.
A thin crystalline film is grown by aiming beams of
atoms from several different metallic elements,
known as sources, that have been loaded into KCells near the outer rim of the chamber. This
technique is known as Molecular Beam Epitaxy.
Once the sample is grown, the sample can be
taken out of the chamber and analyzed,
characterized, processed and measured. One way
to do this is by loading it into a Superconducting
Linear Accelerator to perform the Rutherford Backscattering (RBS) experiment. In
order to properly align the sample to backscatter alpha particles, a manipulator was
built that is UHV compatible that can turn the sample in five different directions
using stepper motors (also UHV compatible). A program, written using the visual
‘G’ language LabVIEW, allows a user to input the number of degrees or millimeters
they wish to move the sample away from the “home” position by converting this
input to steps and then sending a signal to the machine that controls each motor.
After the sample is in the proper position the RBS measurements can commence.

The apparatus built to hold the substrate
was designed to move in 5 directions (X,
Y, Theta, Phi, Psi) using 5 UHV motors
and a SMD2 controller. The picture to the
right depicts these directions. We were
assigned with the task of creating a
simple LabVIEW program to control the
apparatus that would allow it to move in
those 5 directions and move back to a
home position. The communications with
the SMD2 controller were made through a
serial port using the Serial Write VISA.
The first task was to find the gear ratios of
the device and how many motor steps
were equal to one rotation. This enabled
us to make the controls in units of
millimeters and degrees that convert into
motor steps for the SMD2 controller to
read.

What’s next?
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The parts for the manipulator that will be installed in a UHV chamber and
housed at the Superconducting Linear Accelerator is still being built by the
Physics Machine Shop at this point in time. Once construction is finished,
the parts will be cleaned and the manipulator assembled at the Magnet Lab.
After this is done, the five stepper motors can be installed and used to
control each direction on the manipulator relative the Accelerator beamline
to calibrate the samples grown by Molecular Beam Epitaxy.
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Why Rutherford Backscattering?
In the early 20th century Hans Geiger and Ernest Marsden conducted experiments
to study the scattering effects of alpha particles through metal foil. They believed
that an imperfection in their alpha source had caused a spray of particles through
the foil. In order to fix this problem Marsden attempted to measure the
backscattering from a gold foil sample at the bequest of their mentor, Ernest
Rutherford. According to the standard plum pudding model of the time,
backscattering should not have existed but Marsden was able to see a
backscattered signal immediately. This proved that there was instead a collision with
the alpha particles and the gold foil. A collision such as this will occur when we
perform this same experiment on one of the samples we have grown in our UHV.
We can specifically use it to measure the number of different atoms in a thin film.
The following is a plot of the RBS spectrum of a LaAlO3 sample grown on a MgO
Substrate with a SrTiO3 buffer layer.
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The peaks you see in this graph are formed because the sample is a thin film
(hundreds of angstroms or less) and the plateaus are caused by the substrate. The
buffer layer is used to distinguish between the Mg and Al peaks. Since the elements
are right next to each other on the periodic table, the peaks would blend together
without the buffer. However the buffer makes it so the backscattered particles from
the Mg have to travel farther to reach the detector and causes their energy to be
much lower than that of Al.
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The SMD2 controller came with a set
of string commands to operate the
UHV motor. Manipulating these
commands into the LabVIEW program
made it fairly simple to write a
program that could communicate with
the motor and move to a specified
position.
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